





























of	 my	 knowledge,	 it	 does	 not	 contain	 any	 material	 previously	 published	 or	 written	 by	 another	
individual,	except	where	due	references	have	been	made	in	the	text.	All	reported	experimentations	
performed	 in	 this	 research	 were	 conducted	 with	 Human	 Ethics	 approval	 from	 the	 Human	
Experimentation	Ethics	Committee	(approval	number	2017/029).	Finally,	I	declare	that	all	reported	



































































































































































Figure	 7:	 The	multiplex	 real-time	 PCR	 uses	 a	 five	 dye	 system	 including	 FAM,	 VIC,	 ABY,	 JUN	 and	
























































scientifically	 rigorous	 process	 with	 known	 and	 understood	 limitations.	 The	 recovery	 of	 offender	
DNA	in	rape	homicide	can	be	complicated;	it	may	be	hindered	by	environmental	factors,	as	well	as	
the	 naturally	 acidic	 environment	 in	 the	 female	 vaginal	 tract	 1,	 2.	 In	 the	 cases	 of	 sodomy,	 the	
presence	 of	 Enterobacter	 species	may	 compromise	 or	 degrade	 seminal	 fluid,	 compromising	 the	
quality	 of	 the	molecular	 evidentiary	 value	 3.	 Time	 is	 a	 critical	 factor	 in	 the	 recovery	 of	 offender	
DNA,	 and	 its	 persistence	 in	 cases	 of	 heavy	 decomposition	 appears	 to	 be	 unsatisfactorily	
understood	 from	the	existing	 research.	The	sequential	decomposition	of	biological	 remains,	 such	
as	human	cadavers,	over	 time	 is	 termed	 taphonomy	 4,	 5.	The	observation	of	 the	 factors	affecting	
decomposition	have	been,	and	continues	 to	be,	 studied	widely	 throughout	 the	 field	of	 forensics.	
The	 process	 is	 predominantly	 affected	 by	 the	 autolytic	 processes	 in	 the	 body,	 and	 the	 bacterial	
digestion	of	the	body,	termed	putrefaction	4.	Both	factors	can	affect	the	survival	of	semen	and	the	






entomology	 can	 inform	 investigators	 with	 regards	 to	 an	 ever-increasing	 number	 of	 evidential	
aspects;	 these	 can	 include	matters	 such	 as	 providing	 an	 estimation	of	 the	 Post	Mortem	 Interval	
(PMI),	 an	 application	 that	 is	 supported	 by	 a	 substantial	 foundation	 of	 research	 7-12.	 There	 is	 a	





of	 body	 dumping,	 can	 disrupt	 these	 cycles	 or	 modify	 the	 cadaver	 assemblages	 and	 therefore	
inform	 the	movement	 of	 remains	 7.	 As	 a	 keystone	 evidentiary	 discipline	 in	 death	 and	 homicide	





DNA	 profiles.	 	 A	 common	 anatomical	 feature	 of	 necrophagous	 fly	 species	 larvae	 possess	 an	
accessory	food	storage	organ,	called	a	crop,	within	which	active	digestion	does	not	take	place	4,	13.	
There	is	existing	research	that	indicates	it	 is	possible	to	recover	a	Human	DNA	profile	from	tissue	
ingested	 by	 various	 blowfly	 species	 13-21.	 However,	 the	 existing	 research	 efforts	 lack	 rigorous	
underpinning	experimental	work	that	would	allow	legitimate	forensic	application	of	the	results.		
	
A	 knowledge	 void	 currently	 exists	 due	 to	 the	 nature	 of	 the	 previous	 work	 comprising	
predominantly	of	pilot	studies	and	method	development	research.	It	is	known	that	the	recovery	of	
human	 DNA	 is	 possible,	 and	 STR	 profiles	 have	 been	 determined	 in	 past	 efforts,	 although	 the	






a	 relatively	 infinite	 number	 of	 factors,	 including	 both	 extrinsic	 and	 intrinsic	 variables	 5.	
Environmental	determinants	for	the	rate	of	decomposition	of	remains	include,	but	are	not	limited	




In	 a	 typical	 temperate	 terrestrial	 environment	when	 a	 deceased	 body	 is	 disposed	 of	 on	 the	 soil	
surface,	 it	 undergoes	 a	 decomposition	 process.	 This	 sequential	 breakdown	 includes	 the	 general	
stages	of	fresh,	discolouration	(marbling),	bloat	or	active	decomposition,	advanced	decomposition,	
dry	decay,	and	lastly,	skeletonisation	23.	All	of	these	stages	are	largely	named	and	attributed	in	line	
with	 a	 qualitative	 assessment	 of	 the	 degree	 of	 anatomical	 decay	 at	 the	 time	 of	 discovery	 23.	 As	
much	as	the	physicochemical	changes	to	the	cadaver	overtime	are	affected	by	the	environmental	
factors	24,	the	immediate	area	under	and	around	the	remains	is	often	subsequently	changed	by	the	
process	 of	 decomposition,	 although	 this	 is	 generally	 to	 a	 lesser	 extent	 23.	 The	 release	 of	
putrefactive	 decomposition	 and	 purge	 fluids	 can	 alter	 the	 biochemical	 composition	 of	 the	
surrounding	soils;	this	may	affect	the	recovery	of	evidentiary	material	in	the	immediate	area	24.	
	
Immediately	 after	 the	 event	 of	 “death”	 (which	 in	 itself	 is	 a	 complex	 series	 of	micro-events)	 the	
commencement	 of	 the	 fresh	 stage	 of	 decomposition	 occurs	 5.	 The	 fresh	 stage	 includes	 the	
observable	post	mortem	changes	of	algor	mortis	(cooling),	rigor	mortis	(stiffening)	and	livor	mortis	
(discolouration	 due	 to	 blood	 settling	 and	 fixation	 within	 tissues)	 6,	 23.	 The	 fresh	 stage	 generally	
initiates	 as	 a	 result	 of	 the	 cessation	 of	 the	 heart	 and	 depletion	 of	 blood	 oxygen	 levels	 24,	 25.	




such	 as	 in	 homicide,	 the	 victim	often	 sustains	 injuries;	 this	 unnatural	 disruption	 to	 the	 anatomy	
may	provide	additional	opportunities	for	insect	activity	13,	as	well	as	accelerating	the	rate	of	tissue	
destruction	 by	 releasing	 bodily	 fluids	 and	 gastric	 digestive	 contents	 25.	 The	 presence	 of	 open	
wounds	 on	 the	 body	 is	 known	 to	 permit	 additional	 colonizing	 sites	 for	 Diptera	 species	 25.	









whereby	 the	 compounding	 release	 of	 acids,	 peroxidases	 and	 bacterial	 metabolic	 byproducts	
propagates	 the	 tissue	 destruction	 23-26.	 The	 buildup	 of	 gas	 inside	 the	 cadaver	 and	 the	 increased	
internal	 pressure	 can	 result	 in	 evulsion	 of	 fluid	 from	 the	 orifices	 of	 the	 body,	 including	 sites	 of	
injury	in	cases	of	unlawful	death	7.			As	a	result	of	putrefactive	bloating	and	the	activity	of	feeding	
blowfly	 larvae,	 there	 is	often	 rupturing	of	 the	 skin	 25.	 Subsequently,	 oxygen	 can	be	 reintroduced	




cadaver	 indicates	 the	start	of	 the	active	decay	stage,	 from	which	 there	 is	a	 rapid	 loss	of	cadaver	
mass	 24.	This	stage	 is	also	characterized	by	the	evolution	of	 two	highly	 toxic	molecules,	ornithine	
(also	called	putrescine)	and	cadaverine,	are	released	as	a	result	of	the	breakdown	of	muscle	tissue	
proteins	 23.	As	 the	decomposition	process	 advances	 there	 is	 an	 increase	 in	 the	 	 release	of	 these	
	
	 10	
toxic	 cadaveric	 fluid	 from	 the	 body;	 this	 subsequently	 creates	 what	 is	 commonly	 termed	 a	
“decomposition	island”	around	the	body,	often	resulting	in	death	of	the	plant	life	near	the	remains	
23.	 The	 destruction	 of	 flora,	 coupled	 with	 the	 release	 of	 noxious	 gases	 and	 decomposition	 fluid	
infers	that	any	sensitive	biological	evidence	either	in,	on	or	immediately	around	the	body	is	 likely	
degraded.	 Therefore,	 recovered	 biological	 fluids	 from	 remains	 undergoing	 active	 decomposition	








of	 cadavers	 being	 one	 of	 the	 primary	 external	 contributors	 to	 decomposition	 of	 remains	 25.	
Forensic	 entomology	 is	 largely	 the	 study	 of	 arthropods,	 and	 their	 use	 as	 evidence	 in	 legal	
investigations	 7,	 9.	 This	 field	has	played	an	 important	 role	 in	 forensic	 investigations	across	a	wide	
range	of	case	types,	including	animal	and	human	abuse	or	neglect	14,	27,	and	death	investigations	7,	
9.	Forensic	entomology	is	generally	regarded	as	the	best	indicator	of	the	PMI	in	animal	and	human	









they	 are	 attracted	 to	 the	 same	noxious	 gases	 discussed	 above	 and	 feed	 on	 putrid	 and	 decaying	
tissues	25.	There	is	a	complex	ecosystem	established	both	at	the	immediate	site	of	the	remains	and	
within	the	cadaver	 itself.	 	This	assemblage	often	includes	a	complex	assortment	of	necrophagous	
species	 of	 blowflies,	 as	 well	 as	 beetles	 and	 other	 arthropods,	 all	 of	 which	 contribute	 to	
decomposition	25.	
	
Colonisation	 of	 a	 body	 begins	 with	 the	 discovery	 of	 the	 remains	 by	 insects,	 most	 commonly	








of	 time	 measured	 is	 generally	 referred	 to	 as	 the	 Period	 of	 Insect	 Activity	 (PIA)	 29,	 or	 Post	
Colonization	Interval	(PCI)	and	is	informed	by	the	most	developmentally	advanced	insect	cohort	in	
or	 in	 the	 immediate	 vicinity	 of	 the	 remains	 7,	 12,	 25.	 The	 resulting	 time	 can	 be	 considered	 the	
minimum	time	since	death,	as	can	be	seen	 in	Figure	1	below.	 It	must	be	again	stressed	that	 this	













































Figure	 1:	 Difference	 between	 the	 PMI	 and	 the	 PCI	 and	 the	 usefulness	 of	 the	 PCI	 in	 the	
inference	of	Minimum	Time	Since	Death.	
	
The	 blowfly	 reproductive	 cycle	 is	 comprised	 of	 six	 major	 stages	 (Figure	 2)	 and	 begins	 with	 the	
deposition	 of	 either	 live	 larvae	 (larviposition)	 or	 eggs	 (oviposition)	 on	 the	 cadaver.	 In	 instances	
where	eggs	are	laid,	the	time	lapse	between	oviposition	and	egg	eclosion	is	very	much	determined	















body;	 this	period	 is	 referred	to	as	 the	post	 feeding	stages,	or	wandering	stage	10.	The	wandering	
larvae	will	 search	 for	 a	protected	 location	at	which	 to	undergo	 the	pupal	molt.	Often	 larvae	will	
come	 to	 rest	 in	 the	 clothing	 of	 the	 victim,	 however,	 even	 in	 indoor	 locations	 pupae	 have	 been	
found	up	to	30m	from	a	cadaver	10.		
	
Larvae	 possess	 an	 accessory	 digestive	 organ,	 termed	 a	 crop,	 which	 is	 purely	 for	 ingested	 food	
storage	13.	There	is	believed	to	beno	active	digestion	by	acids	or	stomach	enzymes	in	the	crop	4;	it	
has	been	found	to	be	a	useful	structure	for	retrieving	DNA	for	analysis	of	the	larval	diet	13,	15-21.	The	




In	many	 homicide	 cases	 there	 is	 often	 extensive	 larvae	 colonisation	 of	 any	 exposed	 penetrating	
injuries	 and	 anatomical	 orifices,	 including	 the	mouth,	 genital	 and	 anal	 area	 7.	 Furthermore,	 it	 is	
common	 in	 these	 cases	 for	 there	 to	 be	 extensive	 destruction	 of	 the	 cadavers’	 anatomical	
architecture	as	a	result	of	larval	feeding	9,	15,	25.	In	these	cases,	it	may	be	that	larvae	now	serve	as	an	
important	 reservoir	 for	 DNA	 storage	 and	 preservation.	 In	 rape	 homicide	 cases,	 offender	 DNA	
deposited	 in	 the	 oral	 cavity	 and	 genital	 tract	 is	 crucial	 evidence,	 both	 that	 the	 preceding	 sexual	
offense	has	occurred,	and	of	the	identity	of	the	offender(s)	13.	A	number	of	pilot	studies	exist	that	







In	 Australia,	 and	 much	 of	 the	 world,	 one	 of	 the	 most	 prevalent,	 and	 forensically	 relevant	
entomological	species	present	on	cadavers	is	the	Lucilia	sericata	(or	common	blue	bottle)	larvae	11,	









With	 regards	 to	 the	 possible	 biological,	 and	 more	 specifically	 bodily,	 fluids	 that	 are	 often	
encountered	at	crime	scenes	there	are	a	few	common	sample	types.	One	commonly	encountered	
body	 fluid	 in	 violent	 crimes	 is	 seminal	 fluid.	 Semen	 is	 comprised	 of	 the	 cellular	 spermatozoa	
component	 and	 the	 serum	matrix	 in	which	 the	 sperm	cells	 are	 suspended	 38.	 The	detection	 and	
differentiation	 of	 body	 fluids	 both	 at	 the	 scene	 and	 in	 the	 laboratory	 is	 a	 crucial	 component	 of	




Semen	 is	 a	 complex	 fluid	 comprised	 of	 both	 spermatozoa	 (gamete	 cells)	 and	 a	 liquid	 matrix	 in	
which	the	sperm	cells	are	suspended	38.	The	matrix	is	a	composite	of	secretions	from	multiple	male	
gonadal	 glands,	 such	 as	 the	 epididymis,	 vas	 deferens,	 ampulla,	 prostate,	 seminal	 vesicles,	




There	 are	 two	 particular	 biomolecules	 that	 are	 commonly	 screened	 for	 in	 forensic	 presumptive	
tests	 to	 assess	 the	 presence	 of	 semen,	 these	 are	 Seminal	 Acid	 Phosphatase	 (SAP)	 and	 Prostate	
Specific	 Antigen	 (PSA)	 or	 p30	 23.	 SAP	 is	 the	 most	 commonly	 screened	 protein	 associated	 with	
seminal	fluid	and	is	a	common	presumptive	testing	target.	Acid	phosphatase,	although	present	in	
high	 concentrations	 in	 semen,	 is	 often	 present	 in	 numerous	 additional	 bodily	 fluids	 including	
vaginal	 secretions	 1.	 PSA	 is	 a	 protein	 present	 in	 high	 concentrations	 in	 semen	 due	 to	 the	
contribution	of	prostate	secretions	to	the	final	seminal	fluid	ejaculate	1;	the	protein	is	responsible	




However,	PSA	 is	 known	 to	be	present	 in	other	body	 fluids	 in	both	males	and	 females,	 in	varying	
concentrations	39;	as	such	neither	of	these	can	be	considered	confirmatory	identification	of	semen.	
The	 cellular	 component	 of	 seminal	 fluid,	 the	 spermatozoa,	 are	 comprised	 of	 three	 anatomical	
regions;	these	are	the	head,	the	mid-piece	and	the	tail40.	The	head	is	the	housing	for	the	paternally	
contributed	genomic	material	and	is	surrounded	by	an	acrosomal	cap.	The	mid-piece	of	the	sperm	





biomolecular	 component	 of	 a	 body	 fluid23.	 This	 biochemical	 screening	 provides	 intelligence	 to	
forensic	 scientists	 for	 subsequent	 confirmatory	 testing41.	 Seminal	 Acid	 Phosphatase	 (SAP),	 is	 an	
enzyme	present	significantly	higher	concentrations	in	human	semen	than	other	bodily	fluids,	and	it	
has	been	found	to	be	a	reliable	indicator	for	semen42.	SAP	is	the	most	commonly	assessed	protein	
associated	 with	 seminal	 fluid,	 and	 presumptive	 testing	 is	 generally	 performed	 with	 the	 alpha-
naphthyl	 acid	 phosphate	 reagent.	 The	 biochemical	 screening	 tool	 is	 a	 colormetric	 indicator	 and	












The	 p30	 ABAcard	 is	 useful	 when	 screening	 for	 semen	 where	 sperm	 numbers	 may	 be	 low	
(oligospermic)	 or	where	 sperm	are	 seemingly	 absent	 (azoospermic)23,	 43.	 The	 detection	 of	 PSA	 is	





Visualization	 of	 sperm	 by	 microscopy	 can	 be	 enhanced	 by	 the	 exploitation	 of	 the	 biochemical	
properties	 of	 each	 of	 the	 three	 sections	 of	 a	 sperm.	 An	 effective	 histochemical	 stain	 for	 the	
visualization	of	sperm	cells	is	the	“Christmas	Tree”,	or	Picroindigocarmin-Kernechtrot	stain	44.	The	
Kernechtrot,	or	nuclear	fast	red,	stains	the	sperm	head	red	and	the	tip	of	the	acrosomal	cap	pink;	






The	survival	 rate	of	 sperm	 in	 the	 reproductive	and	anorectal	 tracts	of	 living	 individuals	has	been	
investigated	and	there	is	a	wealth	of	 information	on	this	topic	 in	the	current	literature.	However,	











and	 texture;	 these	 have	 all	 been	 adapted	 to	 assist	 with	 sample	 collection	 from	 uneven	 or	












the	 genome	 that	 differs	 between	 individuals	 is,	 in	 general,	 highly	 variable	 and	 therefore	






(A) (B) 	(C) 	
Figure	3:	The	Structure	of	Nuclear	DNA.		
(A)	 At	 the	 highest	 level	 of	 organization	 DNA	 is	 tightly	 packed	 into	 chromosomes50.	 (B)	 When	
uncompact	and	unwound	 from	around	histone	proteins	still	 remains	structured	 in	a	double	helix	
with	hydrogen	bonds	joining	the	two	complimentary	strands	of	DNA51.	(C)	At	a	molecular	level	the	









parents.	 The	 nuclear	 genomic	 material	 in	 a	 single	 eukaryotic	 cell	 consists	 of	 a	 number	 of	






A	staining	technique	has	been	utilized	for	 the	 imaging	of	 the	chromosomes	shown	above	(Figure	
4);	this	has	resulted	in	pigment	gradient	differences	between	the	loci	on	the	chromosomes.	A	locus	
(pl.	 loci)	 is	 the	 term	 given	 to	 the	 physical	 position	 that	 genes	 are	 located	 on	 a	 chromosome.	
Furthermore,	naturally	occurring	differences	in	highly	variable	regions	within	the	genome	result	in	




Two	 additional	 forms	 of	 DNA	 that	 are	 analysed	 in	 forensic	 casework	 are	 mitochondrial	 DNA	
(mtDNA)	and	the	Y	chromosome	itself.	mtDNA	is	maternally	inherited	due	to	the	presence	of	only	
maternal	mitochondrion	 in	 the	oocyte	at	 the	 time	of	 fertilization	and	 is	often	used	 for	degraded	
tissue	samples	in	disaster	victim	identification,	purely	due	to	the	high	number	of	mtDNA	copies	per	
cell.	 Additionally,	 the	 Y	 chromosome	 itself	 is	 paternally	 inherited,	 and	 with	 the	 exception	 of	
individuals	with	chromosomal	abnormalities	or	disorders,	is	only	present	in	males	(Figure	4).	The	Y	
chromosome	has	many	highly	variable	regions,	making	this	DNA	structure	forensically	relevant	for	




Following	 the	 advent	 of	 the	 DNA	 amplification	 technology	 Polymerase	 Chain	 Reaction	 (PCR)	
forensic	biology	has	seen	an	 incredible	growth	 in	 the	number	of	 instruments	and	biomarkers	 for	
DNA	analysis	and	profiling	 54.	The	number	of	analytical	kits	have	continued	 to	expand,	as	well	as	
increase	in	their	sophistication	and	capabilities	54.	Allelic	profiling	is	now	conducted	routinely	with	




genome,	 termed	 Short	 Tandem	 Repeat	 (STR)	 regions	 at	 many	 loci	 48,	 49.	 STRs	 are	 polymorphic	













The	 exponential	 growth	 in	 knowledge	 and	 technology	 in	 the	 field	 of	 forensic	 biology	 in	 the	 last	
quarter	 of	 a	 century	 has	 yielded	 a	 wealth	 of	 statistical	 information	 regarding	 STR	 frequencies	
within	a	number	of	populations	across	the	world	57;	these	population	statistics	for	STR	frequencies	
permit	an	increased	capacity	for	attributing	statistical	significance	when	interpreting	STR	profiles	55.	
Furthermore,	 this	 has	 assisted	 in	 understanding	 the	 limitations	 associated	 with	 the	
individualisation	 of	 profiles,	 and	 the	 effect	 this	 has	 on	 the	 role	 of	 forensic	 biology	 in	 criminal	
investigations.	Modern	technology	allows	for	the	simultaneous	amplification	of	a	number	of	these	






synthesis	 of	 the	 complementary	 strand58.	 In	 figure	 (B)	 The	 thermograph	 for	 one	 cycle	 of	 PCR	 is	








the	starting	 template	DNA	48,	 49,	 55.	PCR	 involves	 the	heating	and	cooling	of	 template	DNA,	 in	 the	
presence	of	free	nucleotides	and	Taq	polymerase,	in	an	optimized	salt	solution	to	synthesise	copies	
of	the	sample	DNA.	PCR	is	an	exponential	process,	amplifying	the	DNA	copies	two-fold	each	cycle.	
The	 constituents	 of	 a	 PCR	 reaction,	 such	 as	 free	 dioxy-nucleotides	 (dNTPs),	 Taq,	 Magnesium	
Chloride	 (MgCl2)	 and	 a	 buffer	 solution	 are	 all	 fairly	 standard	 across	 PCR	 methodologies	 49.	 The	
primers	 included	 do	 vary	 across	 commercial	 kits;	 they	 are	 included	 in	 pairs,	 forward	 (upstream)	
and	reverse	(downstream).	The	primers	are	complementary	to	binding	sites	before	and	following	





by	 the	 attachment	 of	 starting	 sequences	 called	 primers,	 as	 shown	 in	 Figure	 5	 20,	 48,	 49,	 55.	 These	
primer	 sequences	 promote	 the	 complementary	 attachment	 of	 free	 floating	 nucleotides,	 which	
extend	 to	 synthesis	 the	 reciprocal	 strand	 on	 both	 original	 template	 halves	 48,	 49,	 55.	 The	
thermocycling	 conditions	 for	 PCR	 reactions	 generally	 involve	 an	 initial	 denaturation	 step	 around	
94-97°C	 for	 5	 minutes,	 followed	 by	 between	 25-40	 cycles	 of	 the	 following	 steps;	 a	 period	 of	
denaturation	(95°C)	whereby	the	double	stranded	DNA	separate;	then	a	period	of	annealing	(60°C)	
of	 the	 forward	and	 reverse	primers	on	 the	 sample	 template;	 and	 finally,	 extension	 (72°C)	of	 the	







by	 an	 inability	 to	 extract	 enough	 starting	 template	 DNA.	 To	 an	 extent,	 an	 increase	 in	 the	 cycle	
number	for	the	PCR	can	improve	the	detection	of	the	STR	markers,	however,	limiting	reagents	such	
as	 Taq	 polymerase	 and	 dNTPs,	 means	 that	 errors	 and	 profile	 artifacts	 may	 arise	 from	 poorly	
formed	PRC	products	49.	The	quantification	of	DNA	samples	is	an	important	step	in	the	analysis	of	
forensic	 DNA	 samples.	 Forensic	 biology	 techniques	 are	 sometimes	 expensive	 and	 the	 nature	 of	



































used	 for	 a	wide	 range	 of	 sample	 types	 such	 as	 blood,	 bone,	 saliva,	 hair,	 teeth,	 tissue	 as	well	 as	
microbial	cells64.		
	
This	 makes	 Chelex	 a	 useful	 extraction	 tool	 for	 many	 forensic	 exhibits	 involving	 bodily	 fluids;	
however,	problems	have	been	found	to	occur	with	the	use	of	Chelex	whereby	inhibitors	persist	in	
the	final	extract	product64.	This	commonly	occurs	where	samples	containing	blood	are	used;	this	is	
attributed	 to	 the	 blood	 protein	 hemoglobin	 and	 ferric	 (iron)	 ions65.	 Visual	 inspection	 of	 the	
extracted	supernatant	can	be	made	to	assess	the	presence	of	a	rose	or	peach	hue	to	the	extract;	in	
these	instances,	there	is	likely	to	be	haeme	inhibitory	biomolecules	present	in	the	extract.	Chelex®	




sample	DNA.	 The	Qiagen®	DNeasy®	Blood	&	Tissue	Kit	 is	 one	 commercially	 available	 example	of	
this	extraction	 type,	and	 is	appropriate	 for	a	wide	number	of	 forensic	 case	work	 fluid	and	 tissue	
samples	66.	The	workflow	for	a	typical	column	extraction	 involves	a	series	of	sequentially	washes.	
The	process	begins	with	a	cell	lysis	step;	it	is	also	at	this	stage	that	nucleases	are	inhibited	and	PCR	
















PCR	 inhibition,	 when	 compared	 against	 Qiagen	 commercial	 extraction	 kits63.	 There	 has	 been	 a	
great	 amount	of	use	of	 the	Chelex	method	 in	 the	 literature	 concerning	 the	extraction	of	human	
DNA	 from	 insect	 larvae13,	 18.	 However,	 in	 light	 of	 the	 literature	 concerning	 the	 efficiency	 of	







the	 downstream	 repercussions	 can	 include	 profiles	 with	 low	 allele	 signal	 strength,	 dropout	 of	
alleles	 from	 profiles,	 peak	 imbalances	 and	 additional	 stochastic	 effects68.	 Furthermore,	 as	





being	 either	 trace	 or	 mixed	 DNA69.	 With	 that	 being	 said,	 recent	 years	 have	 seen	 the	
commercialization	of	 STR	multiplex	 kits	with	 dramatically	 improved	 sensitivity	 and	 robustness	 to	




An	 intercalating	 fluorescing	dye	 is	often	added	and	with	each	subsequent	 round	of	amplification	
the	 relative	 fluorescent	 unit	 (RFU)	 from	 the	 increasing	 PCR	 product	 is	 detected.	 This	 measured	
increase	 in	 	 emitted	 fluorescence	 is	 proportional	 to	 the	 increase	 in	 product49.	 The	 signal	
(proportional	 to	 the	 amount	of	DNA)	 at	 the	end	of	 the	PCR	 cycles	back	 calculated	 to	derive	 the	
starting	number	of	DNA	copies49.	However,	an	improved	technique	is	now	available	with	the	use	of	
the	 Quantifiler®Trio	 Quantification	 kit	 from	 ThermoFisher	 Scientific	 which	 utilizes	 a	 four-dye	
multiplex	 system	 to	 inform	 on	 human	 specificity,	 gender	 composition	 and	 provision	 of	 a	
degradation	 index	 in	 a	 single	 real-time	 PCR	 run69.	 Furthermore,	 in	 a	 study	 by	 Vierra-Silva	 et	 al	
(2015)	 their	 research	was	able	 to	demonstrate	 the	 successful	quantitation	of	 as	 little	 as	10pg	of	
DNA	in	samples	contaminated	with	non-human	DNA70.	The	only	cross	reactivity	observed	between	
the	kit	and	non-human	species	was	observed	for	monkey,	gorilla	and	gibbon	samples;	however	this	
was	 expected	 by	 the	 investigating	 researchers70.	 This	 makes	 the	 additional	 use	 of	 the	
Quantifiler®Trio	kit	in	lethal	animal	sexual	abuse	cases,	in	general,	widely	applicable	as	the	majority	
of	 cases	of	 animal	 sexual	 abuse	appear	 to	 involve	domestic	 species14.	 The	ability	 to	perform	 the	
highly	informative	multiplex	allows	the	assessment	of	the	DNA	sample	prior	to	STR	analysis,	which	






The	 Quantifiler®Trio	 kit	 uses	 TaqMan®	 fluorescent	 probes	 and	 quenchers	 for	 the	 real-time	
detection	 of	 PCR	 product.	 This	 tagging	 technique	 does	 not	 have	 any	 interference	 with	 the	
exponential	amplification	of	PCR	product71.	TaqMan®	probes	in	the	Quantifiler®Trio	kit	are	of	two	
kinds.	 Firstly,	 the	Minor	 Groove	 Binding	 (MGB)	 probes	 have	 either	 FAM™	 of	 VIC®	 Reporter	 Dye	


















As	 can	be	 seen	 from	Table	1	 and	 Figure	7,	 there	 is	 no	 significant	 spectral	 interference	 from	 the	
dyes	used	in	the	Quantifiler®Trio	multiplex	quantification	PCR.	The	wavelengths	of	emission	of	the	














Only	 probes	 that	 have	 hybridised	 to	 the	 target	 DNA	 are	 then	 cleaved	 form	 the	 TaqMan®	 probe.	 This	
results	 in	 an	 increase	 in	 the	 distance	 between	 the	 NFQ	 and	 the	 reporter	 dye	 molecule,	 resulting	 in	
fluorescence	73.	This	specificity	in	the	TaqMan®	probe	binding	results	in	an	increase	in	fluorescent	signal	











	 Figure	 11:	 Completion	 of	 the	 Polymersiation	 Process	 for	 a	 Single	
Round	of	PCR	Amplification	with	a	TaqMan®	Probe73.	
	







Instrumental	 detection	 with	 the	 quantitation	 assays	 generally	 involve	 the	 excitation	 of	 the	
fluorescent	dye	probes	and	the	emission	of	fluorescence	is	detected	by	the	instrument.	For	most	














with	 sexual	 assault	 casework	 and	 other	 violent	 crimes.	 These	mixed	 samples	 often	 contain	 low	
copy	 number	 or	 trace	 quantities	 of	male	 DNA	 present	 in	 a	 large	 background	 of	 female	 DNA	 61.	
Typical	 samples	 can	 include	vaginal	 swabs	containing	a	 small	number	of	 sperm	cells	 75.	 Standard	
autosomal	 STR	 analysis	 may	 be	 unable	 to	 detect	 the	 minor	 male	 contributor	 in	 these	 types	 of	
samples.		
	
A	 comparatively	 more	 recent	 technique	 to	 autosomal	 STR	 typing	 is	 termed	 Y-SRT	 typing	 and	 is	
often	applied	 in	 these	circumstances.	This	 involves	 the	amplification	and	profiling	of	 loci	on	only	
the	Y	chromosome.	The	Quantifiler®Trio	kit	is	able	to	quantify	male	DNA	present	in	the	sample	at	
concentrations	of	3pg/µL	71.	This	 is	 important	when	considering	whether	 to	progress	with	a	case	
work	sample.	Due	to	the	increased	sensitivity	of	STR	kits,	and	more	so	with	regards	to	Y-STR	kits,	
knowledge	 of	 the	 quantity	 of	 the	 male	 fraction	 in	 the	 sample	 can	 help	 inform	 on	 selecting	 an	
appropriate	 kit	 to	 maximize	 the	 evidentiary	 value	 of	 the	 low	 copy	 sample.	 For	 example,	 one	
commercially	 available	 kit,	 the	 Yfiler®Plus	 PCR	 Amplification	 kit	 manufactured	 by	 ThermoFisher	
Scientific	can	routinely	detect	a	minor	male	contributor	present	at	a	ratio	of	1:1000	61	as	well	as	
amplify	 and	 characterise	 up	 to	 27	 Y-STR	 loci	 71.	 In	 cases	 of	 male	 to	 male	 sexual	 assault	 the	
complication	 is	 not	 the	 female	 fraction.	 However,	 quantification	 and	 assessment	 of	 the	 level	 of	








In	much	of	 the	 literature	L.	 sericata	 are	made	special	note	of	as	being	a	primary	strike	 fly	 in	 the	
initial	colonisation	of	cadavers,	specifically	human	remains	37.	Due	to	the	role	of	the	species	in	early	
decomposition	and	the	ubiquitous	distribution	of	the	species	the	use	of	L.	sericata	in	research	has	
great	 validity.	 There	 has	 been	 found	 to	 be	 a	 difference	 in	 the	 growth	 rates	 of	 L.	 sericata	 larvae	
reared	in	indoor	growth	cabinets	when	compared	to	outdoor	reared	larvae	30;	this	may	largely	be	
due	 to	 the	natural	 circadian	cycle	 in	an	outdoor	 setting	as	opposed	 to	an	artificial	 cycle	 indoors.	
Furthermore,	 there	would	be	natural	 temperature	 fluctuations	outdoors,	which	either	occur	 to	a	
lesser	 extent	 indoors	 or	 because	 in	 a	 laboratory	 setting	 the	 temperature	 can	 be	 consistently	




	 Minimum	(Hrs)	 Maximum	(Hrs)	 Average	(Hrs)	
Time	from	Oviposition	to	hatching	 15	 24	 19.8	±	2.4	
Time	of	Larval	Feeding	 96	 168	 132	±	25.9	
Time	of	Pupation	 144	 240	 165.6	±	41.4	










be	required	 in	 the	 future.	This	 is	evident	 from	the	current	 literature	on	L.	sericata	growth	times,	




	 	 Duration	(hrs)	 	











Pupae	 137					(5.7	days)	 	 125					(5.2	days)	 	
Total	 339				(14.12	Days)	 	 297					(12.7	Days)	 	
	
	
As	 can	 be	 seen	 from	 the	 data	 derived	 from	 Grassberger	 and	 Reiter	 (2001),	 the	 temperature	
difference	 of	 3°C	 can	 produce	 greater	 growth	 time	 disparity	 during	 the	 entire	 period	 of	
holometabolous.	The	aim	of	the	present	study	is	to	quantify	human	male	DNA	from	insect	larvae;	







large	 range	 of	 growth	 times	 for	 the	 ten	 colonies	 reared	 in	 the	 1989	 study.	 Furthermore,	 there	
appears	to	be	very	 little	control	or	recording	of	the	parameters	 in	the	 Introna	et	al	 research;	the	
study	was	conducted	with	the	indoor	temperatures	artificially	fluctuated	between	5°C	to	40°C.	This	
appears	to	be	deliberately	done	to	demonstrate	that	the	differences	between	indoor	and	outdoor	
environments,	 are	 supposedly	 not	 significantly	 different	 30.	 However,	 due	 to	 the	 absence	 of	









fed	 on	 bovine	 meat	 37.	 Due	 to	 the	 narrow	 focus	 of	 the	 research,	 and	 the	 pilot	 nature	 of	 the	
research,	 the	 type	 of	 tissue	 model	 used	 for	 rearing	 of	 L.	 sericata	 larvae	 should	 be	 maintained	
consistent	 for	 the	 entire	 duration,	 and	 between	 replicates.	 Furthermore,	 an	 extended	 period	 of	
development	 would	 arguably	 be	 beneficial	 in	 demonstrating	 the	 usefulness	 of	 the	 technique,	











situation	 where	 some	 larvae	 may	 feed	 on	 competing	 maggots	 as	 well	 as	 the	 cadaver	 4,	 12.	
Furthermore,	there	may	be	some	larvae	at	less	developed	stages,	such	as	first	instar,	whilst	others	
may	 be	 at	 a	 more	 advanced	 developmental	 stage,	 such	 as	 second	 and	 third	 instar	 stages	
depending	 on	 the	 time	 since	 first	 strike,	 temperature	 and	 access	 to	 the	 remains.	 Amendt	 et	 al	
(2007)	discusses	the	best	practice	for	entomological	evidence	collection	should,	where	thousands	
of	 larvae	 are	 available,	 represent	 1-10%	 of	 the	 insect	 life	 present.	 However,	 where	 less	 than	
approximately	 100	 individuals	 are	 present	 best	 effort	 should	 be	 made	 to	 collect	 all	 of	 the	
individuals	29.	In	a	paper	by	Amendt	et	al	(2007)	it	is	discussed	that	entomological	sample	collection	
should	 include	 specimens	of	 all	 shapes	 and	 sizes,	 as	well	 as	 developmental	 stages;	 furthermore,	
the	samples	should	be	collected	from	different	regions	of	the	cadaver,	including	the	natural	orifices	
(eyes,	ears,	nose,	mouth,	genital	and	anal	 region),	at	any	 traumatic	wounds	and	underneath	 the	
remains	29.	As	such,	the	method	to	be	adopted	for	sampling	 in	the	proposed	study	will	entail	the	
collection	 of	 a	 representative	 assemblage	 of	 the	 instar	 or	 pupal	 malts	 present	 at	 the	 time	 of	
sampling	daily.	Due	to	the	size	of	the	first	and	second	instar	larvae	approximately	10	individuals	will	






In	 a	 study	 by	 Linville	 (2003),	 a	 number	 of	 surface	 decontamination	 protocols	were	 investigated,	















susceptibility	 in	 the	 literature	 46.	Variations	 to	 the	cotton	swab	method	exist,	 such	as	 the	double	
swabbing	method	detailed	by	 Sweet	et	al;	 the	 technique	 involves	 the	use	of	 a	wet	 swab,	 as	per	
current	 procedure,	 followed	 by	 dry	 swabbing	 of	 the	 stained	 area	 when	 sampling	 from	 human	
surfaces	77.	This	method	performed	well	experimentally	and	recovered	the	highest	percentage	of	
material	among	 three	methods	assessed	 in	 the	study	 77.	Furthermore,	von	Wurmb-Schwark	et	al	
have	shown	that	the	extraction	of	DNA	from	cotton	swabs	that	are	first	wet	with	the	buffer	from	






From	 the	 current	 literature,	 it	 appears	 that	 used	 of	 the	 Qiagen®	 Dneasy®	 Blood	 &	 Tissue	 kit	








to	the	presence	of	PCR	inhibitors	and	DNA	mass	49.	Contemporary	 	 forensic	 laboratory	case	work	
DNA	profiling	methods	 involve	PCR	multiplex	 technology,	 as	 such	 they	 rely	on	 the	quality	of	 the	
extract	 to	 perform	 well	 65.	 The	 Quantifiler®Trio	 quantification	 kit	 has	 the	 capability	 to	 not	 only	
resolve	for	very	low	copy	number	samples	(LCN),	but	can	also	overcome	very	high	female	to	male	
ratio	mixtures.	 Furthermore,	 it	 provides	 a	 degradation	 index,	 determined	 by	 the	 ratio	 of	 a	 long	
autosomal	 allele	 (214bp)	 to	 a	 short	 autosomal	 allele	 (80bp).	 The	Degradation	 Index	 attributes	 a	















reduced	 reaction	 volume	of	 only	 10µL,	 reduced	 from	a	 suggested	 reaction	 volume	of	 25	µL,	 for	
quantification	 of	 degraded	 samples	 found	 that	 the	 results	 were	 indistinguishable	 from	 standard	
reactions.	Furthermore,	the	resulting	STR	profiles	were	complete	and	free	of	stochastic	effects	68.	











This	 literature	 review	 has	 established	 that	 despite	 the	 existing	 literature	 regarding	 the	 ability	 to	
retrieve	 DNA	 from	 blowfly	 larvae,	 the	 research	 to	 date	 has	 far	 from	 exhausted	 the	 avenues	 of	
research.	 The	 overwhelming	majority	 of	 the	 studies	 in	 current	 literature	 either	 lack	 appropriate	
documentation	 of	 parameters,	 implement	 adequate	 controls,	 or	 validated	methods	with	 strictly	
controlled	variables.	There	have	been	many	projects	and	experiments	inspired	by	research	by	Clery	
(2001)	 where	 YSTR	 profiles	 and	 PSA	 antigen	 were	 derived	 from	 larvae	 crops	 in	 simulated	 rape	
homicides	13.	Much	research	has	stemmed	from	this	and	has	hinted	to	the	invaluable	nature	of	this	
application	of	forensic	entomology.	However,	despite	numerous	pilot	demonstrations	of	the	ability	




obtain,	 in	 general,	 partial	 profiles	 for	 the	 human	 male	 DNA	 component.	 There	 is	 currently	 no	
method	which	can	be	confidently	applied	 to	 rape	homicide	cases	 routinely;	and	 furthermore,	no	
definitive	demonstration	of	the	value	of	the	technique	over	current	practices.	Problems	are	known	
to	 exist	with	 the	 collection	 of	 samples	 by	 swabbing;	 additionally,	 there	 is	 currently	 no	 apparent	
consensus	 on	 the	 best	 method	 for	 swabbing.	 Limitations	 with	 the	 extraction	 of	 DNA	 and	
purification	 of	 the	 sample	 prior	 to	 PCR	 are	 also	 known	 to	 persist	 in	 the	 field	 of	 forensic	 DNA	
analysis.	This	has	much	to	do	with	the	nature	of	the	sample	and	the	environment	it	was	collected	
from;	both	factors	can	lead	to	DNA	degradation	prior	to	the	extraction	process.	It	is	hypothesized	








developmental	 stages,	 with	 rigorously	 controlled	 parameters	 and	 a	 forensically	 appropriate	
method	would	 provide	 the	 underpinning	 study	 on	which	 to	 build	 the	more	 varied	 and	 complex	
investigations	of	different	climates,	species	and	mixed	offender	profiles	that	have	been	ambitiously	
tested	 in	novel	 studies.	 Furthermore,	 the	ability	 to	provide	a	measure	of	 the	degradation	of	 the	
DNA	 sample	 is	 a	 relatively	 new	 feature	 of	 contemporary	 quantification	 kits,	 such	 as	
Quantifiler®Trio.	Lastly,	modern	YSTR	profiling	kits	have	become	more	advanced	with	starting	DNA	
template	sensitivity	being	improved	and	the	addition	of	STR	markers	to	commercial	kits.	As	such,	a	




laboratory	 conditions;	 the	 collection	of	 larvae	over	 all	 larval	malt	 stages	of	metamorphosis	 for	 a	
period	 of	 11	 days;	 the	 application	 of	 a	 single	wash	 and	 extraction	method	 for	 the	 collection	 of	



































victims	 involved	 can	 be	 of	 any	 age	 or	 gender.	 Furthermore,	 there	 is	 the	 occurrence	 of	 cases	
concerning	 the	 lethal	 sexual	 abuse	 of	 animals	 14.	 Serious	 and	 violent	 crimes	 such	 as	 these	 are	





there	 is	extensive	 insect	colonisation	of	any	exposed	penetrating	 injuries	and	anatomical	orifices,	
including	 the	 genital	 region.	 Furthermore,	 it	 is	 common	 in	 these	 cases	 for	 there	 to	be	extensive	




active	digestion	of	food	material	13,	 16-18,	 20,	 21.	 In	cases	where	there	is	extensive	larval	colonisation	
the	larvae	may	now	serve	as	the	best	source	of	conserved	offender	DNA.	The	primary	objective	of	
this	systematic	literature	review	was	to	assess	the	existing	literature	concerning	the	use	of	forensic	
entomological	 samples	 collected	 from	 human,	 and	 animal,	 remains	 during	 rape	 homicide	
investigations	for	offender	identification.	To	date	a	rigorously	conducted	experimental	foundation	





The	 ThermoFisher	 Scientific	 Quantifiler®Trio	 Quantification	 kit	 is	 a	 commercially	 available	 DNA	
quantification	kit	currently	used	in	forensic	laboratory	casework.	It	has	the	capability	to	inform	on	
the	quantity	of	extract	DNA,	 is	human	specific	and	can	resolve	high	female	to	male	DNA	mixture	
ratios.	 Furthermore,	 the	 kit	 provides	 a	 degradation	 index	 by	 which	 to	 score	 the	 quality	 of	 the	
sample	DNA	prior	to	STR	multiplexing.	The	Quantifiler®Trio	kit	would	be	an	ideal	quantification	tool	
for	the	assessment	of	the	validity	of	extracting	human	DNA	from	blowfly	larvae	samples.	Through	a	
validation	 experiment	 this	 use	 of	 entomological	 samples	 may	 be	 more	 routinely	 applied	 in	 the	
investigation	of	homicides	preceded	by	sexual	assault	for	offender	 identification.	As	such,	further	



































































































































































































































Lucilia	 sericata	 (Meigen)(Diptera:	 Calliphoridae)	 is	 a	 forensically	 relevant	 blowfly	 species	 and	 is	
considered	 a	 primary	 coloniser	 of	 remains,	 both	 in	 Australia	 and	 around	 the	 world.	 In	 rape	
homicide	 cases,	 there	 can	 be	 a	 reduction	 in	 the	 integrity	 of	 the	 anatomical	 architecture	 of	 the	
cadaver	 as	 a	 consequence	 of	 larval	 feeding.	 Offender	 DNA	 deposited	 in	 the	 cadaver	 in	 rape	
homicides	 is	 important	 evidence,	 both	 that	 the	 sexual	 offence	 has	 occurred,	 and	 of	 offender(s)	
identity.	In	these	cases,	it	may	be	that	larvae,	typically	used	for	estimation	of	time	since	death,	now	
serve	as	an	important	reservoir	for	DNA	storage	and	preservation.	The	Quantifiler®Trio	kit	is	highly	
sensitive,	 capable	 of	 quantifying	 as	 little	 as	 1pg/µL	 human	 male	 DNA,	 whilst	 also	 providing	 a	
measure	of	the	template	degradation.		
	
In	 this	pilot	 study	L.	 sericata	 larvae	were	 reared	under	 laboratory	 conditions	at	24°C.	 The	 larvae	
were	 provided	 homogenised	 chicken	 liver	 mixed	 with	 human	 semen,	 to	 mimic	 a	 vaginal	
environment	 post	 coitus,	 and	 both	 larvae	 and	 swabs	 collected	 for	 12	 days.	 The	 extracted	 DNA	
samples	were	concentrated	with	a	vacuum	desiccator	and	quantified	with	the	Quantifiler®Trio	DNA	
quantification	 kit	 in	 half	 volume	 reactions	 using	 a	 QuantStudio™6flex.	 In	 this	 pilot	 study	 it	 was	
shown	 that	 at	 24°C	 under	 laboratory	 conditions,	 human	 male	 DNA	 could	 be	 quantified	 from	
multiple	whole	 L.	 sericata	 larvae	 up	 to	 12	 days	 post	 colonisation.	 Furthermore,	 the	 human	DNA	
from	 larvae	 typically	 showed	 lower	 levels	 of	 degradation	 compared	 to	 the	 swab	 samples.	 The	
results	from	this	pilot	study	indicate	that	these	samples	have	the	potential	to	extend	the	window	
for	 identification	of	offenders	 in	cases	of	 rape	homicide	where	the	 level	of	decomposition	of	 the	
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scientifically	 rigorous	 process	 with	 known	 and	 understood	 limitations.	 Contemporary	 DNA	
analysis	 involves	 the	 interrogation	of	 a	 number	 of	 variable	 regions	 across	 the	 genome,	 termed	
Short	 Tandem	 Repeat	 (STR)	 regions,	 at	 many	 loci1,	 2;	 STRs	 are	 polymorphic	 regions	 of	 short	




Modern	 technology	 allows	 for	 simultaneous	 amplification	 of	 a	 number	 of	 these	 sites	 by	
Polymerase	Chain	Reaction	 (PCR)	 from	considerably	 low	starting	copy	numbers	of	DNA	 to	yield	




an	 important	 step	 in	 the	 analysis	 of	 forensic	 DNA	 samples.	 Forensic	 biology	 techniques	 are,	 in	
general,	 costly	and	 the	nature	of	 case	work	makes	 it	 time	sensitive2.	Real-Time,	or	quantitative	
PCR	 (qPCR),	 is	 the	 technique	 of	 performing	 PCR	 with	 cycle	 to	 cycle	 detection	 of	 fluorescent	
emissions	from	the	highly	specific	dye	probes	 indicative	of	amplifying	PCR	product.	The	signal	 is	






Recent	years	have	 seen	 the	commercialisation	of	STR	multiplex	kits	with	dramatically	 improved	
sensitivity	and	robustness	to	inhibitors	and	degradation5.	It	 is	now	possible	to	yield	profiles	with	
as	 little	 as	 30pg	 of	 template	 DNA,	 and	 partial	 profiles	 can	 be	 obtained	 from	 lower	 weights	 of	
starting	 DNA5.	 The	 opportunity	 to	 assess	 the	 quality	 and	 quantity	 of	 the	 sample	 DNA	 prior	 to	
downstream	 analysis	 should	 not	 be	 devalued	 or	 overlooked.	 In	 situations	 where	 the	 DNA	 of	




occurs	 counter	 intuitively,	 with	 large	 alleles	 being	 affected	 preferentially	 over	 small	 alleles.	 As	
such,	 profiles	 affected	 by	 degradation	 often	 show	 dropout	 of	 large	 alleles	 from	 the	 final	
electropherogram.	
	
The	 recovery	 of	 offender	 DNA	 in	 a	 homicide	 following	 sexual	 intercourse	 or	 assault	 can	 be	
complicated;	 it	may	 be	 hindered	 by	 environmental	 factors,	 as	well	 as	 the	 natural	 physiological	
conditions	 of	 the	 human	 body’s	 mucosal	 membranes,	 such	 as	 those	 in	 the	 genital	 and	 rectal	
tracts8,	 9.	 Seminal	 fluid	 is	 one	of	 the	most	 commonly	encountered	biological	 fluids	 at	 scenes	of	
violent	crimes.	Semen	is	comprised	of	the	cellular	spermatozoa	component	and	the	serum	matrix	
in	 which	 the	 sperm	 cells	 are	 suspended10.	 The	 cellular	 component	 of	 seminal	 fluid,	 the	
spermatozoa,	are	comprised	of	three	anatomical	regions;	these	are	the	head,	the	mid-piece	and	
the	 tail.	 The	 head	 is	 the	 housing	 for	 the	 paternally	 contributed	 genomic	 material	 and	 is	













Cellular	 mixtures	 from	 male	 and	 female	 contributors	 are	 frequently	 encountered	 with	 sexual	
assault	 and	 violent	 crime	 casework	 samples.	 This	 is	 especially	 evident	 in	 sexual	 assault	 cases	
where	 samples	 commonly	 contain	 low	 copy	 number	 (LCN)	 or	 trace	 quantities	 of	 male	 DNA	
present	 in	a	 large	 female	DNA	background13,	 14.	These	mixed	samples	often	 typical	 samples	can	





termed	 putrefaction16.	 In	 the	 case	 of	 sodomy,	 the	 presence	 of	 Enterobacter	 species	 may	
compromise	 or	 degrade	 seminal	 fluid,	 compromising	 the	 quality	 of	 the	 molecular	 evidentiary	
value17.	Time	 is	a	critical	 factor	 in	 the	recovery	of	offender	DNA,	and	 its	persistence	 in	cases	of	
heavy	 decomposition	 appears	 to	 be	 unsatisfactorily	 understood.	 Methods	 currently	 used	 for	
semen	recovery	include	oral,	genital	and	rectal	swabs17;	in	cases	of	heavy	decomposition	or	insect	






The	 field	 of	 entomology	 is	 intimately	 linked	 to	 the	 subject	 of	 forensic	 biology	 with	 the	
colonisation	of	cadavers	with	arthropod	species	being	one	of	the	primary	external	contributors	to	





the	 order	 Diptera16.	 In	 Australia,	 and	 much	 of	 the	 world,	 one	 of	 the	 most	 prevalent,	 and	




The	 typical	 reproductive	 life	 cycle	 of	 ovipositing	 blowflies	 begins	 with	 the	 deposition	 of	 eggs,	
followed	 by	 the	 hatching	 of	 the	 larvae.	 There	 are	 three	 larvae	molting	 stages	which	 immature	
blowflies	undergo	during	early	development,	termed	instars.	At	the	end	of	the	third	instar	phase,	
they	 wander	 from	 the	 remains,	 or	 underneath	 the	 body;	 they	 then	 undergo	 pupation,	 during	
which	 they	 undergo	 complete	 metamorphosis	 (termed	 holometabolous)	 into	 adult	 blowflies3.	







preceding	 sexual	 offence	has	occurred,	 and	of	 the	 identity	of	 the	offender(s)7.	 It	 is	 common	 in	
these	 cases	 for	 there	 to	 be	 extensive	 destruction	 of	 the	 cadavers’	 anatomical	 architecture	




















A	 rayon	 swab	was	 used	 to	 create	 a	 semen	 smear	 on	 a	 glass	microscope	 slide	 for	 each	 of	 the	
human	semen	samples;	the	smears	were	then	heat	fixed	to	the	slide.	Nuclear	Fast	Red	was	added	
to	each	slide	and	 incubated	at	room	temperature	for	10	minutes,	 following	which	the	slide	was	
rinsed	 with	 deionised	 water.	 The	 slides	 were	 then	 each	 stained	 with	 picroindigocarmin	 and	








estimation	 of	 larvae	 available	 for	 collection	 over	 the	 duration	 of	 the	 current	 experiment.	 An	
established	 colony	 was	 first	 given	 chicken	 liver	 for	 24	 hours	 to	 allow	 ovary	 development;	
following	 this	 the	meat	was	 removed,	 and	 the	 colony	 rested.	Chicken	 liver	was	used	due	 to	 its	
prevalence	 in	 the	 literature	 and	 success	 for	 promoting	 oviposition	 and	 rearing	 of	 larvae	 3,	 7,	 32.	
After	a	resting	period	of	three	days,	liver	was	again	placed	in	the	blowfly	enclosure	and	the	colony	




















Larvae	 began	 to	 transition	 to	 post	 feeding	 stage	 at	 approximately	 day	 5.	 From	 day	 5	 onwards	














Figure	 1:	 Schematic	 illustrating	 the	 experimental	 rearing	 enclosure	 used	 for	 the	 three	
experimental	replicates	and	the	control	colony.	
	









swab	 method	 was	 used,	 involving	 the	 wetting	 of	 the	 rayon	 swab	 head	 with	 deionised	 water	
immediately	prior	to	use.	The	meat	surface	was	swabbed,	following	which	the	swab	was	dipped	
















All	extractions	 for	 larvae	and	swab	experimental	 replicate	 (RS1,	RS2,	RS3,	CS,	RL1,	RL2,	RL3	and	
CL)	 sample	 groups	 were	 performed	 as	 eight	 separate	 extraction	 batches.	 Furthermore,	
decontamination	of	the	pipettes,	racks	and	workspace	was	carried	out	between	batches	with	10%	
Trigene®	 and	 100%	 Ethanol.	 In	 preparation	 for	 extraction,	 the	 swabs	 were	 cut	 away	 from	 the	




tubes	 and	manually	macerated	 to	 homogenise.	 For	 day	 1	 samples	 10	whole	 larvae	were	 used,	
whilst	 for	 days	 2	 to	 12	 five	 larvae	 were	 used	 due	 to	 the	 size	 and	 developmental	 differences	
between	the	crop	structure	for	the	larvae	at	these	times.	DNA	extractions	for	both	the	larvae	and	
swab	 samples	 were	 performed	 using	 the	 Qiagen®	 Dneasy®	 Blood	 &	 Tissue	 kit.	 The	 extraction	
method	used	was	 as	 detailed	 in	 the	manufacturers	 guidelines,	with	 the	 exception	of	 the	 initial	
incubation	period,	which	was	extended	to	6hours	at	56°C	with	constant	agitation	for	all	swab	and	
larvae	samples.	The	final	elution	volume	for	all	extracts	was	200µL;	however,	the	extract	volumes	
for	 all	 swab	 and	 larvae	 samples	 were	 reduced	 to	 50µL	 volumes	 with	 the	 use	 of	 a	 vacuum	




Quantifiler®Trio	 DNA	 Quantification	 Kit	 Analysis	 of	 the	 Samples	 using	 the	 QuantStudio™6	 flex	
qPCR	Instrument		
DNA	 quantification	 for	 the	 larvae	 and	 swab	 sample	 extracts	 were	 performed	 using	 the	
Quantifiler®Trio	DNA	quantification	 kit.	 For	 all	 samples,	 the	 reaction	 volumes	were	 halved	 to	 a	
total	volume	of	10	µL.	Each	reaction	comprised	of	4µL	of	Primer	Mix,	5µL	of	Master	Mix	and	1µL	
of	sample	DNA	extract	(Table	1).	The	reactions	were	pipetted	onto	a	384	well	plate;	all	extracted	






















swab	 and	 larvae	 extracts	 were	 diluted	 by	 1:10	 prior	 to	 quantification;	 following	 this	 the	
Qubit®dsDNA	 HS	 reactions	 were	 prepared	 with	 10µL	 sample	 volumes.	 All	 reactions	 were	
incubated	 at	 room	 temperature	 for	 two	 minutes	 prior	 to	 quantifying	 with	 the	 Qubit™3	
Fluorometer.	 The	 Qubit™3	 Fluorometer	 instrument	 was	 used	 in	 accordance	 with	 the	







The	 method	 used	 for	 semen	 slide	 staining	 was	 effective,	 with	 the	 aim	 of	 spermatozoa	 cell	
enhancement	being	 achieved	with	multiple	 sperm	 cells	 observed	 across	 all	 semen	 smears.	 The	
semen	 samples	 contained	many	 spermatozoa	with	 tails,	 and	 the	morphological	 integrity	 of	 the	












Many	 spermatozoa	 can	 be	 seen	 in	 Figure	 4(A)	 and	 4(B)	 above	 with	 visible;	 it	 is	 common	 to	
observe	sperm	tail	 loss	 in	stored	semen	samples,	even	under	 refrigerated	conditions.	However,	
there	were	numerous	intact	spermatozoa	identified	in	each	sample,	and	even	where	only	heads	









The	 analyses	 were,	 in	 general,	 successful	 with	 both	 sample	 types	 showing	 quantification	 of	
varying	amounts	of	human	male	DNA	over	the	12	days	of	collection	(Tables	3	and	4).		
	
A	 declining	 trend	 was	 observed	 for	 the	 three	 replicate	 swab	 groups	 collected	 over	 12	 days	
(Figures	5	,6	and	7),	however	there	was	significant	variability	in	the	quantities	across	replicates,	as	
well	 as	 within	 duplicate	 daily	 qPCR	 reactions.	 RS1	 samples	 for	 day	 1	 were	 found	 to	 have	 the	
highest	quantity	of	human	DNA	compared	to	the	remaining	days	2	to	12;	the	concentrated	DNA	
extract	from	RS1	on	day	1	was	approximately	51ng	of	small	allele,	23.05ng	for	the	large	allele	and	
30.7ng	of	male	 Y	marker	DNA.	Although	 the	day	1	 samples	 for	RS2	 and	RS3	 replicates	 showed	
high	quantities	of	human	male	DNA,	 the	values	obtained	were	significantly	 lower	 than	 those	of	
RS1	day	1,	with	the	quantities	 for	 the	allelic	 targets	 in	 the	50µL	 for	day	1	RS2	and	RS3	samples	
ranging	 from	 1.7	 to	 0.1ng.	 Figures	 5,	 6	 and	 7	 show	 the	 compared	 approximate	 quantities	 of	
human	male	 DNA	 for	 RS1	 to	 RS3	 respectively;	 the	 RS1	 day	 1	 quantities	 far	 exceed	 3.0ng,	 the	
largest	comparable	quantity	of	DNA	for	the	two	additional	replicates.	For	all	three	replicate	swab	
sample	 series,	 following	 day	 1	 the	 quantities	 of	 human	 male	 DNA	 detected	 with	 the	
Quantifiler®Trio	 kit	 were	 significantly	 lower,	 ranging	 from	 0.1	 to	 0.015ng	 in	 the	 50µL	 extracts	






For	 the	 Larvae	 sample	groups,	 there	was	a	dramatic	difference	 in	 the	 results	obtained	 for	RL1,	
RL2	and	RL3	replicates	collected	over	the	12	days.	RL1	and	RL2	replicates	show	opposing	trends	in	
the	 quantities	 of	 human	 DNA	 obtained	 (Figures	 8,	 9	 and	 10),	 with	 RL1	 showing	 allelic	 target	
quantities	 ranging	 between	 0.3	 to	 0.05ng	 in	 the	 50µL	 extracts	 for	 days	 1,	 2,	 8	 and	 10;	
comparatively,	RL2	samples	showed	that	from	the	five	larvae	sampled	on	day	12	0.35ng	of	small	
allele	 target,	 0.15ng	 of	 large	 allele	 target	 and	 0.2ng	 of	 male	 target	 were	 quantifiable.	

































































































































































































































































a	 failure	 to	detect	human	DNA	 for	 the	entire	experimental	period.	However,	 the	control	 larvae	
samples	did	show	some	evidence	of	contamination	on	days	7,	8	and	11.	Day	7	samples	showed	
contamination	event	with	the	first	qPCR	read	showing	0.65ng	of	small	autosomal,	0.45ng	of	large	
autosomal	 and	 0.45ng	 of	 male	 target.	 Additionally,	 the	 second	 read	 showed	 0.35ng	 small	
autosomal,	0.3ng	of	 large	autosomal	and	0.5ng	of	male	target.	There	was	detection	of	only	one	
target	for	a	single	replicate	read	on	day	8	for	the	control	 larvae	group,	this	was	0.05ng	of	small	
autosomal.	 Lastly,	0.1ng	of	 large	autosomal	 target	was	detected	 for	only	one	 replicate	 read	on	
day	 11	 for	 the	 control	 larvae	 (Table	 2	 and	 Figure	 11).	 One	 observation	 from	 the	 days	 where	















The	 positive	 control	 showed	 amplification	 of	male	 human	DNA	with	 the	 half	 reaction	 volumes	
(Figure	12).	Furthermore,	the	replicates	all	showed	appropriately	consistent	ratios	of	target	allele	
quantification.	 The	mean	DI	 score	 for	 the	 replicates	was	 1.40,	 demonstrating	 that	 the	 positive	
control	was	not	degraded.		
	
Lastly,	 four	 replicate	 negative	 controls	 were	 performed	 with	 extracts	 from	 a	 blank	 Qiagen®	





Degradation	 Indices	 for	 the	Extracted	Human	DNA	Determined	Using	 the	Quantifiler®	Trio	DNA	
Quantification	Kit	
For	the	swab	samples	collected,	where	large	alleles	were	quantifiable,	there	was	only	one	sample	
which	 had	 a	 DI	 of	 less	 than	 1	 (Figure	 13).	 This	 sample	 was	 collected	 on	 day	 6	 from	 the	 RS2	
replicate	group;	the	result	was	not	reproducible,	due	to	 failure	to	quantify	 the	 large	allele	 from	
the	duplicate	well.	All	remaining	samples	for	which	a	DI	could	be	obtained	showed	varying	levels	
of	degradation;	samples	from	day	1	showed	the	highest	DI	scores	with	values	ranging	from	2.2	to	
8.	 No	 DI	 values	 could	 be	 calculated	 past	 day	 7	 due	 to	 the	 failure	 to	 detect	 large	 allele	 target	














mildly	 degraded.	Where	 quantifiable	 alleles	were	 detected	 at	 days	 6,	 8	 and	 9,	 the	 quantifiable	
human	 DNA	 from	 these	 samples	 was	 found	 to	 be	 not	 degraded,	 with	 all	 scores	 over	 this	
experimental	period	being	less	than	1.	However,	with	the	exception	of	the	RL2	duplicate	reads	for	
day	 8,	 the	 DI	 scores	 were	 again	 non-reproducible.	 For	 the	 day	 12	 samples,	 only	 RL2	 larvae	









Qubit®	 dsDNA	 High	 Sensitivity	 (HS)	 Kit	 Quantification	 of	 the	 Total	 DNA	 in	 Concentrated	 50µL	
Extracts	from	L.	sericata	Larvae	and	Swab	Samples	Using	the	Qubit™3	Fluorometer.	




for	 the	 aforementioned	 swabs.	 Extracts	 from	 RS1	 and	 RS2	 collected	 on	 day	 3	 showed	
approximately	296	and	156ng	of	DNA	respectively,	whilst	41.1ng	of	DNA	was	estimated	 for	 the	
control	swab	from	day	3.	There	was	no	quantifiable	DNA	for	the	RS3	swabs	collected	from	days	1,	
2	 and	3.	 The	quantified	 total	DNA	 for	 all	 swab	 replicate	and	 control	 samples	 for	 the	 remaining	









Quantification	of	 the	 total	DNA	 in	 the	L.	 sericata	 larvae	 (Figure	15)	 samples	 showed	an	 inverse	
trend	compared	to	the	swab	samples	(Figure	14).	The	RL1,	RL2,	RL3	and	control	samples	collected	
on	 day	 1	 showed	 approximately	 135,	 410,	 315	 and	 205.5ng	 of	 DNA	 each	 respectively.	 For	 the	
remaining	 days	 2	 to	 12	 the	 quantities	 of	 total	 DNA	 for	 all	 larvae	 sample	 extracts	 dramatically	












Entomological	 samples	 are	 commonly	 encountered	 in	 death	 investigations.	 In	 many	 homicide	
cases,	 there	 is	extensive	 larvae	colonisation	of	any	exposed	penetrating	 injuries	and	anatomical	
orifices,	 including	 the	 genital	 region.	 Furthermore,	 it	 is	 common	 in	 these	 cases	 for	 there	 to	 be	
extensive	 destruction	of	 anatomical	 integrity	 of	 the	 remains	 attributable	 to	 decomposition	 and	
larval	 feeding	 which	 can	 complicate	 swab	 collection	 for	 DNA	 analysis.	 In	 cases	 of	 homicide	
preceded	 by	 a	 sexual	 assault,	 the	 victims	 involved	 can	 be	 of	 any	 age	 or	 gender.	 Furthermore,	
instances	of	 lethal	 sexual	 abuse	of	 animals	 are	 also	 known	 to	occur	 11.	 In	 rape	homicide	 cases,	
offender	DNA	deposition	in	the	oral,	genital	or	rectal	tract	of	the	victim	is	crucial	evidence,	both	





The	 primary	 objective	 of	 this	 pilot	 study	 was	 to	 investigate	 and	 determine	 the	 potential	 for	
maximising	 the	 evidentiary	 value	 of	 entomological	 samples	 using	 an	 updated	 quantification	 kit	
currently	 in	 use	 for	 casework.	 The	majority	 of	 pre-existing	 studies	 relating	 to	 detecting	 human	
DNA	 from	 larvae	 have	 included	 the	 dissection	 of	 the	 crop	 as	 a	 means	 of	 concentrating	 the	
ingested	 tissues	 and	 reducing	 the	 insect	material	 in	 the	 extraction	 process7,	 30.	 In	 an	 effort	 to	
investigate	 the	 potential	 for	 integration	 of	 the	 technique	 into	 a	 typical	 laboratory	 workflow,	
whole	 larvae	were	used.	Additionally,	a	whole	 larvae	method	could	negate	 the	requirement	 for	
specialist	entomological	dissecting	skills.	 In	this	study,	 it	was	shown	that	human	male	DNA	from	
whole	 blowfly	 larvae	 was	 quantifiable	 using	 the	 Quantifiler®Trio	 DNA	 quantification	 kit.	






24°C.	 However,	 the	 laboratory	 conditions	 in	 this	 study	 provided	 reduced	 access	 to	 light	 as	 a	
cumulative	 result	 of	 the	 geographic	 orientation	 of	 the	 laboratory	 facility,	 the	 biological	 hazard	









S1	samples	 for	day	1	were	 found	to	have	 the	highest	quantity	of	human	DNA	compared	 to	 the	
remaining	days	2	to	12,	with	amounts	in	RS1	day	1	duplicates	ranging	from	23	to	63ng	across	the	
three	 target	 alleles.	 The	 human	 DNA	 quantities	 obtained	 from	 the	 RS2	 and	 RS3	 replicates	
collected	on	day	1	were	also	the	highest	detection	days,	though	there	was	greater	disparity	in	the	












Furthermore,	 the	 duplicated	 reactions	 for	 each	 day	 showed	 stochastic	 variability.	 The	
Quantifiler®Trio	DNA	quantification	kit	is	capable	of	detecting	less	than	5pg	of	DNA,	however,	the	
manufacturers	 guidelines	 do	 caution	 that	 the	 coefficient	 of	 variation,	 also	 termed	 the	 relative	



























For	 the	human	male	DNA	extracted	 from	L.	 sericata	 larvae,	 the	 three	 replicate	 groups	 showed	
inconsistent	 reproducibility	 between	 experimental	 replicates.	 Additionally,	 stochastic	
amplification	of	 target	alleles	was	observed	between	duplicate	qPCR	reactions.	Due	to	 the	DNA	
quantities	detected	using	the	Quantifiler®Trio	kit	falling	into	the	LCN	range,	it	is	not	surprising	to	
observe	 target	 allele	 stochasticity,	 such	 as	 is	 seen	 in	 Figures	 20,	 21	 and	 22.	 As	 with	 the	 swab	








Quantifiler®Trio	 qPCR	 reaction	 returned	 quantities	 of	 1pg	 target	 allele	 DNA	 for	 a	 number	 of	
sample	 days	 across	 replicates.	 Figures	 20,	 21	 and	 22	 show	 magnification	 of	 the	 0.05ng	 qPCR	







group	 for	 day	 11	was	 of	 considerable	weight.	 Furthermore,	 the	 absence	 of	 human	DNA	 in	 the	
three	experimental	 replicates	RL1,	RL2	and	RL3	for	day	11	adds	to	the	uncertainty	regarding	 its	
origin.	Due	to	budgetary	limitations	and	time	constraints	profiling	of	the	human	DNA	extracts	was	
not	 possible.	As	 such,	 replication	of	 the	 experiment	with	 a	 significantly	 increased	 replicate	 size	
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and	 more	 stringently	 controlled	 experimental	 conditions	 is	 required	 to	 validate	 and	 add	
robustness	 to	 the	 technique	 in	 light	 of	 the	 results	 of	 this	 pilot	 study.	 Furthermore,	 a	
recommendation	 for	 future	 repetitions	 of	 the	 experiment	 is	 that	 STR	 or	 YSTR	 profiling	 of	 the	










target.	 The	 DI	 score	 is	 then	 compared	 to	 arbitrarily	 determined	 degradation	 categories.	 The	
scoring	 system	 provided	 by	 the	manufacturer	 is	 a	 general	 guide,	with	 the	 interpretation	 guide	
merely	stating	that	samples	where	a	DI	score	between	1	to	10	is	calculated	typically	indicate	that	
some	 level	of	DNA	degradation	 is	present35.	 In	comparison,	 the	DI	 scoring	 system	employed	by	




The	 quantifiable	 human	 DNA	 from	 larvae	 samples	 collected	 on	 days	 1,	 2	 and	 12	 do	 show	
moderate	 to	degraded	DNA.	However,	 the	quantified	human	DNA	across	 the	RL1,	RL2	and	RL3	
experimental	replicates	were	found	to	have	DI	scores	of	one	or	less	between	days	6	and	9.	There	
was	a	reduction	in	the	quantifiable	DNA	from	the	swab	samples	during	this	time	interval,	as	well	













The	 IPC	system	 in	the	Quantifiler®Trio	kit	 includes	synthetic	DNA	template,	a	 JUN®	dye	 labelled	






Using	 the	 Quantifiler®Trio	 DNA	 quantification	 kit	 quality	 index	 interpretation	 chart,	 and	 with	
regards	 to	 the	 assessment	 of	 the	 IPC	 Ct	 values,	 the	 samples	 are	 most	 likely	 affected	 by	 DNA	
degradation	 or	 low	 concentration,	 as	 opposed	 to	 PCR	 inhibition.	 Although	 PCR	 inhibition	 does	
generally	affect	large	alleles	preferentially,	the	absence	of	IPC	Ct	value	flags	in	the	analyses	means	
any	inhibitors	present	did	not	cause	a	significant	enough	effect	to	inhibit	the	IPC	amplification34.	
With	 regards	 to	 the	 target	 alleles	 that	were	 successfully	 quantified,	 and	 their	 DI	 scores	where	







male	Y	 target	 in	 the	50µL	extracts.	Although	the	sample	size	 is	 small	 these	results	 indicate	 that	

















Consideration	 should	 be	 given	 to	 the	 objective	 of	 quantification	 assays	 with	 regards	 to	 the	





note	 is	 that	 sample	 input	 volumes	are	often	greater	 for	 STR	 typing	PCR	 reactions	 compared	 to	
those	used	for	qPCR.	One	example	is	the	YSTR	typing	kit	Yfiler®Plus	which	provides	an	alternative	
to	 general	 STR	 typing	 by	 amplifying	 27	 STR	 loci	 on	 the	 Y	 chromosome	 and	 requires	 a	 sample	
volume	 of	 10µL38.	 Yfiler®Plus	would	 offer	 amplification	 of	 only	 the	male	 DNA	 fraction	 in	 cases	
where	 the	 victim	 is	 female,	 additionally	 the	 use	 of	 YSTR	 kits	 can	 assist	 in	 mixed	 profile	
interpretation	 in	 circumstances	 where	 the	 victim	 is	 male38.	 However,	 the	 manufacturer	
recommended	 sample	 input	 for	 the	 Yfiler®Plus	 kit	 is	 0.05-0.1ng/µL	 of	 template	 DNA38.	 As	 it	
stands,	 in	the	context	of	the	study	at	hand,	despite	the	 increased	sample	 input	volume	of	10µL	





volumes.	 Globalfiler®	 is	 validated	 for	 use	 with	 15µL	 input	 of	 500pg	 (33.34pg/µL)	 sample39;	
however	 recommendations	 from	 the	manufacturer	 include	 the	use	of	 higher	 concentrations	of	
DNA	 in	 cases	 where	 the	 sample	 may	 be	 degraded39.	 The	 validation	 study	 for	 GlobalFiler®	






In	 a	 validation	 study	 by	 Gouveia	 et	 al.,	 (2015)	 using	 Quantifiler®Trio	 for	 analysis	 of	 forensic	
casework	 samples	 six	 groups	 of	 control	 serial	 dilutions	 consistently	 under	 reported	 the	 DNA	
quantities	 across	 all	 six	 control	 groups41.	 In	 the	 same	 study	Gouveia	 et	 al.,	 (2015)	 analysed	 10	
casework	samples,	of	varying	quantities	and	DI	scores	as	determined	using	Quantifiler®Trio	were	
subsequently	 profiled	 using	 the	 Globalfiler®	 STR	 kit.	 One	 of	 the	 samples	 with	 an	 estimated	




0.0172	 ng/µL.	 These	 values	 are	 the	 most	 comparable	 to	 the	 current	 pilot	 study,	 showing	
complete	profiles	could	be	obtained	even	when	sample	input	quantities	and	qualities	were	low.		
	







advisement	 that	 Quantifiler®Trio	 quantification	 of	 LCN	 template	 between	 33pg/µL	 and	 3pg/µL	
with	 DI	 values	 below	 4	 could	 be	 expected	 to	 produce	 complete	 or	 partial	 profiles	 with	
Globalfiler®5.	Vernarecci	et	al.,	 (2015)	also	proposed	LCN	samples	with	DI	values	greater	 than	4	
can	potentially	produce	partial	profiles5.	With	respect	to	the	current	pilot,	the	RL2	day	12	extract	












of	 degradation,	 as	 detected	 by	 the	Quantifiler®Trio	 half	 volume	 reactions	 compared	 to	 swabs.	
The	use	of	half	volume	reactions	 in	 the	pilot	study	resulted	 in	quantification	of	human	DNA	for	
many	of	the	samples,	both	swab	and	larvae,	collected	over	the	12	days.	In	a	study	by	Westring	et	
al.,(2007)	 half	 volume	 reactions	 (10µL)	 were	 found	 to	 be	 produce	 quantification	 results	
concordant	with	full	scale	reaction	volumes	(25µL)	with	the	Quantifiler™	kit6.	 It	was	observed	in	
the	study	 that	 improved	results	could	be	obtained	by	 increasing	 the	cycle	number	 to	45	where	




The	 extraction	 technique	 was	 found	 to	 be	 effective,	 with	 inhibition	 of	 the	 qPCR	 reaction	 not	
determined	 to	 be	 a	 factor	 in	 the	 amplification	 efficiency.	 The	 following	 review	 of	 the	
manufacturers	guide	for	elution	efficiencies,	the	200µL	elution	volume,	followed	by	desiccation,	
was	 concluded	 to	 have	 been	 appropriate.	 A	 recommendation	 for	 increasing	 confidence	 in	 the	
uniformity	 of	 final	 extract	 volumes	 across	 samples	would	 be	 the	 use	 of	Microcon®	 Centrifugal	
Filters.	These	are	appropriate	for	concentration	of	forensic	genomic	DNA,	with	greater	than	95%	
recovery	 for	 dilute	 samples.	 The	 use	 of	 Microcon®	 Centrifugal	 Filters	 would	 permit	 further	
concentration	to	lower	volumes	of	between	5	to	50	µL42.The	Qiagen®	Dneasy®	Blood	&	Tissue	kit	
was	 effectively	 employed	 to	 extract	 the	 human	 DNA	 from	 the	 highly	 lipid	 larvae	 samples,	 and	
there	 appeared	 to	 be	 no	 significant	 inhibition	 by	 heme	 contamination	 from	 the	 ingested	 liver	
tissue.	 Multiple	 larvae	 were	 used	 for	 each	 extraction	 process,	 with	 the	 total	 DNA	 in	 the	 final	
extracts	 shown	 to	 be	 between	 approximately	 2.5	 to	 5.5µg	with	 the	Qubit™3	 Fluorometer.	 The	
maximum	 binding	 capacity	 for	 the	 Qiagen®	 Dneasy®	 Blood	 &	 Tissue	 kit	 silica	 columns	 is	
approximately	50µg;	as	such	it	is	unlikely	that	the	columns	have	been	overloaded.		
	
This	 indicates	 that	 the	use	of	whole	 larvae	cannot	be	excluded	as	a	viable	method	 for	analysis.	
Despite	this,	a	recommendation	for	repetition	of	the	experiment	with	crop	dissection	should	be	
conducted	 to	 compare	 the	 quantification,	 and	 subsequent	 STR	 profiling	 for	 both	 sample	 types	
with	kits	currently	used	for	 forensic	casework.	Following	 from	this,	 it	 is	also	recommended	that	
the	number	of	 larvae	sampled	 for	crop	dissection	 for	each	day	should	be	either	maintained,	or	
increased	to	minimise	the	effects	of	random	sampling.	By	assessing	with	multiple	crop	dissection,	
the	 mass	 of	 larvae	 DNA	 occupying	 the	 silica	 column	 could	 be	 negated,	 allowing	 for	 greater	
binding,	 and	 subsequent	 elution	 of	 victim	 and	 foreign	 male	 DNA.	 Furthermore,	 assessing	 the	
quantity	 and	 quality	 of	 crop	 contents	 in	 isolation	 in	 a	 replicate	 experiment	 would	 provide	 a	
comparison	 of	 the	 whole	 and	 dissected	 methods.	 The	 results	 of	 such	 a	 study	 would	 provide	
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technique	 is	 the	 nature	 of	 sampling.	 Following	 extensive	 feeding	 on	 the	 remains,	 third	 instar	
larvae	will	 begin	 to	migrate	 away	 from	 the	body;	 this	 period	 is	 referred	 to	 as	 the	post	 feeding	
stages,	or	wandering	stage44.	The	wandering	larvae	will	search	for	a	protected	location	at	which	
to	undergo	the	pupal	malt.	Often	larvae	will	come	to	rest	in	the	clothing	of	the	victim,	however,	
even	 in	 indoor	 locations	 pupae	 have	 been	 found	 up	 to	 30m	 from	 a	 cadaver44.	 It	 has	 been	
suggested	 in	 a	 paper	 by	 Christensen	 (2014)	 that	 after	 48	 hours	 away	 from	 the	 food	 source	 of	
interest,	 for	 example	 the	 cadaver,	 DNA	 of	 interest	 could	 not	 be	 obtained	 from	 the	 larvae32.	







As	 the	sensitivity	of	PCR	based	quantification	and	STR	kits	 increase,	as	well	as	 the	expansion	of	
multiplex	kits,	the	potential	evidence	recovery	from	larvae	samples	will	only	increase.	To	the	best	





The	 evidentiary	 potential	 of	 larvae	 samples	 for	 obtaining	 human	male	DNA	profiles	 in	 cases	 of	
rape	 homicide	 should	 not	 be	 understated.	 The	 results	 from	 this	 pilot	 study	 indicate	 that	 these	
samples	have	the	potential	to	extend	the	window	for	identification	of	offenders	in	cases	of	rape	
homicides	where	the	post	mortem	interval	may	exceed	the	efficiency	of	swab	sampling.	As	such,	
further	research	is	required	to	not	only	optimise	this	technique,	but	also	to	appropriately	validate	
the	method	for	its	use	in	forensic	casework.		
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